ABSTRACT: The slender-billed gull Chroicocephalus genei is a typical saltpan and brackish lagoon inshore forager. In 2005, there were two breeding colonies in the Ebro Delta (western Mediterranean): one south of the delta on a large saltpan, and the other one in the north, where typical foraging habitats are scarce. Aerial surveys showed that gulls foraged at sea throughout the study period, but were mainly restricted to the northern part of the delta from June to August. We compared 6 different approaches to model the gulls' distribution at sea: Poisson generalized linear model (GLM), zero inflated Poisson GLM, spatial Poisson generalized linear mixed model (GLMM), non-spatial Poisson GLMM, negative binomial GLM and zero inflated negative binomial GLM. The best approach, simple negative binomial GLM, suggested that the gulls' distribution was mainly influenced by the proximity to the colony, tern density and water temperature. The water temperature was indicative of river runoff, which resulted in an anchovy population explosion, explaining the gulls' extensive foraging at sea in summer. Slender-billed gulls are capable of changing their foraging strategy to exploit resources at sea when occupying an area with limited terrestrial but abundant marine resources. Population growth in the western Mediterranean may lead to the occupancy of non-typical habitats elsewhere. Because slenderbilled gulls are rare and have an unfavorable conservation status, conservation policies affecting this species should be extended to the sea.
INTRODUCTION
To exploit marine resources, seabirds have evolved physiological and morphological adaptations, as well as a wide variety of foraging strategies (see review in Shealer 2002) . Marine birds show a gradient of dietary specialization that spans from opportunistic species with a wide dietary spectrum (Furness & Camphuysen 1997 , Chapman et al. 2004 , to highly specialized species that only feed on a particular resource (Furness & Camphuysen 1997 , Votier et al. 2004a . Changes in food resources can severely affect population dynamics of these specialized species, because it is difficult for them to adapt to alter-native food resources (Croxall et al. 1999 , Wanless et al. 2005 . Since breeding seabirds are central place foragers (Orians & Pearson 1979) , searching for alternative feeding areas results in an increase in foraging ranges . However, increased foraging costs affect breeding success (Kitaysky et al. 2000 , Navarro & González-Solís 2007 . In extreme situations, e.g. cape gannets (Morus capensis) in the Benguela upwelling zone, in creases in the distance to food resources likely cause the birds to change colony locations to reduce foraging ranges and energetic costs (Gremillet et al. 2008 ). This extra cost probably has a greater effect on species that establish their colonies close to foraging areas (Oro 1996 , Villa blanca et al. 2007 . Overall, when the availability of a feeding resource diminishes, seabirds must either increase their foraging range and their energetic costs (Suryan et al. 2000 , Navarro & González-Solís 2007 , or change their foraging strategy to exploit alternative food resources close to the colony (Montevecchi et al. 2009 , Votier et al. 2004b .
We investigated changes in the foraging range of a typically inshore gull species, the slender-billed gull Chroicocephalus genei, in the Ebro Delta, western Mediterranean Sea. This medium-sized gull has a scattered coastal distribution from Senegal to NW India through the Mediterranean, Black and Red seas, the Persian Gulf and some inland waters of SW Asia (Burger & Gochfeld 1996) . This gull forages mainly in saltpans and brackish lagoons, but also in mouths of channels and lagoons, intertidal flats and seashores (Dementev & Gladkov 1969 , Fasola et al. 1989 , Cramp & Simmons 2004 . The slender-billed gull has been reported to be scarce in offshore waters of the Ebro Delta (Oro & Ruiz 1997 , Arcos 2001 . Only Meinertzhagen (1954) describes marine occurrence of C. genei from offshore waters near the Arabian peninsula, outside the breeding season. Other authors, however, consider this as anecdotal evidence (Dementev & Gladkov 1969 , Fasola et al. 1989 , Cramp & Simmons 2004 .
The slender-billed gull has 3 breeding colonies in the Ebro Delta (Fig. 1) . Two (La Banya and La Tancada) are located on the southern Ebro Delta saltpans (the first is active and the second is abandoned). The third (El Fangar) was colonized in 2001 (Oro 2002) and is located to the north, on a sandy peninsula lacking brackish marshes and saltpans. In the south, there are 8.4 km 2 of saltpans (see Fig. 1a ), 4.3 km 2 of brackish lagoons and 64 km of shoreline, but in the north, there is a brackish lagoon of only 1.0 km 2 , and 25 km of shoreline without saltpans. These differences in inshore foraging habitats may drive differences in the use of alternative foraging areas, such as the sea.
In this study we aim to: (1) report the use of marine habitats by the slender-billed gull in the study area, and describe its distribution pattern at sea during the breeding season; (2) compare the marine densities of this species in areas with different availabilities of typical inshore habitats; (3) determine which variables best explain marine densities using several modeling approaches; and (4) test different modeling methods for this purpose and discuss their use for distribution modeling in marine organisms.
MATERIALS AND METHODS

Study area
We studied the marine area around the Ebro Delta in the western Mediterranean (Fig. 1 ) which measured 1435 km 2 . The area is very productive be cause of the influence of the Liguro-Provençal-Catalán front and runoff from the Ebro River. Its oceanographic characteristics are described in Salat et al. (2002) and Arin et al. (2005) . Monthly aerial surveys were conducted in 2005 during the breeding season of the slender-billed gull, from April to August.
In 2005, the slender-billed gull bred in only 2 colonies, La Banya and El Fangar, which are located at the southern and northern extremes of the Ebro Delta, respectively (Fig. 1a) . That year, 309 slenderbilled gull pairs inhabited La Banya and 109 inhabited El Fangar (Ebro Delta Natural Park and IMEDEA pers. comm. with D. Oro, A. Bertolero and A. Cureó) . For data analyses, the study area was divided into 3 sectors (Fig. 1a) . These included (1) the northern (472 km 2 ) and (2) southern (624 km 2 ) Ebro Delta sea waters, and (3) part of the Castellón coast, referred hereafter as Castellón (416 km 2 ). The northern area spans from the northern edge of the Delta to the river mouth and up to 23 km offshore, including the El Fangar colony. This area is crossed by the main part of the river plume, which is usually directed northwards during summer (Fig. 1b) (Mes tres et al. 2003 , Mösso et al. 2003 . The southern part of the Ebro Delta (off La Banya) includes the Delta coast from the river mouth to its southern limit including the main slender-billed gull colony, La Banya. In summer, this area is influenced by the river plume to a lesser extent , Mösso et al. 2003 , so oceanographic conditions contrast to the northern Ebro Delta (e.g. Fig. 1b ). Further south, Castellón is in the southern part of the study area which is outside the Ebro Delta.
Aircraft surveys
To assess potential changes in the gull's distribution at sea, we performed 5 aerial surveys on 21 April, 20 May, 15 June, 29 July and 12 August 2005, overlapping with the breeding season of slenderbilled gulls in the area. We used the standard seabird aerial survey methodology described elsewhere (Noer et al. 2000 , Christensen et al. 2001 ) with minor adaptations (see Cama et al. 2012 ). This census method was chosen because it allows the coverage of large areas as simultaneously as possible, with minimum disruption to the patterns of abundance and distribution of birds (Fox et al. 2006 ). This method is suitable for seabird censuses (Fischer & Larned 2004 , Fox et al. 2006 ) and has previously been applied successfully to the study area (Cama et al. 2012) . The surveys were conducted from a Partenavia P-68 twin-engine aircraft. The aircraft followed 45 predefined transect lines ranging from 13 to 23 km long and separated by a constant distance of 2 km. Position data were automatically recorded to a GPS unit every 5 s. The aircraft flight altitude was 300 ft (ca. 100 m) and the flight speed was 100 knots (ca. 185 km h . Each census lasted ca. 6 h.
Censuses were carried out by 2 observers using Steiner Commander V 7 × 50 binoculars. During these censuses, all observed bird flocks in a 2 km band (1 km each side of the aircraft) were registered. An inclinometer was used to define the limit of the 1 km band. At the established flight height, the limit of 1 km is found ca. 6° under the horizontal axis. The area spanning 59 m directly under the aircraft was not visible (Noer et al. 2000 , Christensen et al. 2001 .
For all bird groups, information about species, number of individuals and time of the observation was recor ded. In summer, slender-billed gulls can be reliably identified from great distances, since the combination of wing and head patterns is highly distinctive from other gull species (Blomdahl et al. 2002 , Olsen & Larsson 2003 . However, we were unable to precisely identify some distant individuals to species level. Fishing boats were also recorded, specifying the type of boat and its fishing activity. Fishing boats can be an important food resource for seabirds, as they can provide food in the form of fish discards, which are easy to capture, abundant and predictable in time and space (Tasker et al. 2000 , Arcos et al. 2008 , Cama et al. 2012 , but the number of fishing boats (4 in July and 5 in August) was too low to include as a variable in the models.
To avoid inconsistent detection and identification rates, data were not recorded when observation was hindered by technical problems, glare or other poor light conditions. The incidence of technical or visual problems was registered and considered in data processing. Observations were linked with GPS information with a Turbo Pascal application (I. K. Petersen pers. comm.).
Comparing inter-colonial marine densities
We used the program ArcGIS version 9.2 to create 2 × 2 km grids, and to summarize survey information in the 378 resulting grid cells. The grids were then divided among 3 areas, resulting in 118 cells located at the northern delta, 156 at the southern delta and 104 in the Castellón area. The grid cells were used as geographical units in the analyses. To compare densities at sea, we generated a simple Poisson model (McCulloch & Searle 2001) of the density of gulls in each month, with sector (north or south) as a variable. The log-likelihood of this model was compared with that of the model without any variables using the likelihood ratio test (LRT). The Castellón area was not in cluded in these analyses.
Modeling the gulls' marine distribution: data processing
To model the distribution of the species at sea, we defined 10 variables for each region and for each census that had a large enough sample size. Those included biological variables, such as the number of terns, the number of other gull species and the chlorophyll a (chl a) concentration and its gradient, physical variables, such as the sea surface temperature (SST) and its gradient, the distances to the closer breeding colony and to the river mouth, and a temporal variable (the month of the survey). For the models, we used the surface covered per grid during aerial surveys as an offset.
SST and chl a are used to indicate the primary production of marine environments (Morel & Berthon 1989 , Bricaud et al. 2002 and are associated with seabird distribution (e.g. Hyrenbach et al. 2007 , Louzao et al. 2006 . These variables were measured by the Aqua (EOS PM) Satellite of the MODIS NASA project (http://modis.gsfc.nasa.gov/), using the Cata lán chl a and SST map server Thalassa (www. opengis. uab.es/WMS/thalassa/index.htm). This ser ver provides 1 × 1 km data for the GIS Miramon program (Pons 2011 ) that can be easily exported to ArcGIS 9.2. Punctual data were assigned to the corresponding grid cell for the analyses. Data taken during the 8 d before the flights were used to calculate median chl a and SST in each grid cell. We also calculated the spatial gradient of these variables in the following way: [(max. value − min. value) × 100] / max. value (Louzao et al. 2006) . As described by Louzao et al. (2006) , only the grids with >1 valid chl a value (i.e. between 0.05 and 50 mg m −3 ) were taken into account for the analyses. Median daily chl a was calculated for each 1 × 1 km grid cell in July and August (Fig. 1b) . Data points were interpolated to generate a continuous map using the kriging function in ArcGIS 9.2.
We used the river mouth as a geographical landmark because it creates local differences in environmental and water productivity (Salat et al. 2002 , Arin et al. 2005 . The distance to the breeding colony was also included. In preliminary analyses using Spearman's rank correlations, other geographical variables (e.g. water depth and its gradient, and the distance to the coast) were rejected because of high correlations with the included variables.
Densities of other bird species were included as variables in the model to assess interspecific interactions. The species were grouped into 2 categories: terns (mainly common and Sandwich terns) and other gull species (mainly yellow-legged gulls Larus michahellis and Audouin's gulls L. audouinii). We neglected other seabird species (shearwaters, storm petrels, skuas, etc.) because their densities were very low and probably did not affect the distribution of slender-billed gulls at sea.
Modeling the gulls' marine distribution: data analyses
For a general scheme of the modeling approach see Fig. 2 . The variables were incorporated into a multivariate Poisson generalized linear model (GLM), also considering the possible interactions with survey month. Univariate models were conducted using all the variables, and only those correlated with the density of slender-billed gulls were included in the multivariate model. A backward process, based on likelihood ratio tests (LRT), was used to eliminate non-significant variables in the multivariate model. The first modeling approach was GLM following the Poisson distribution, which is described by the following function:
where [E(Y i )] is the expected number of slenderbilled gulls in the ith geographical unit, i = 1 … N, β 0, … β k are the coefficients of the model, x 1i … x ki are the variables evaluated in the ith geographical unit (i.e. the units the grid cells shown in Fig. 1a ) and cov i is the coverage effort value in the ith geographical unit and the offset of the regression.
We used 3 different approaches to adjust the overdispersion of the Poisson model (the best model fit is found when overdispersion = 1).
(1) We analyzed whether the overdispersion was due to a zero excess in the data by using a zero inflated regression (Lambert 1992) . This regression controls the extra proportion of zeros with the parameter p i ∈ [0,1], and the expectation of the number of slender-billed gulls in the ith geographical unit, is E(Y i ) = µ i (1 − p i ) and its variance is Var(
(2) We used the negative binomial model (Lawless 1987) , because it allows the variance of the distribution to vary from the expected variance by introducing an additional parameter in the variance (k):
where k is the additional parameter of the negative binomial.
A zero-inflated model with the following expression was also conducted with the negative binomial distribution. This distribution differs from the Poisson zero inflated model because of the variance, which is described by the following expression Var(
(3) We used a Poisson regression with regional random effects. Two types of random effects were considered; the first contained spatially structured effects. The existence of this spatial correlation means that the bird density of geographically close regions tends to be similar. To take into account the spatial autocorrelation, we modeled the neighboring relationships, considering the regions with common borders to be neighbors. This spatial structure was specified by using a conditional spatial autoregressive (CAR) model (Besag 1974 ) and the resulting model is described by the following expression: ), s i is the spatial dependence factor for the ith geographical unit, SD CAR 2 is the variance of the spatial aggregation (CAR) random effects and Q −1 is a matrix that defines the neighborhood relations be tween the geographical units. The second type of regional random effects was an unstructured pattern (Poisson non-spatial model) with independent and normally distributed random effects (b 1 … b N ) . These random effects model the presence of random regions with values not de scribed by the simple GLMs, but without assuming any spatial pattern. This approach is described as follows:
where b i is the heterogeneity factor for the ith geographical unit, b 1 … b N~ NMV (0, SD HET 2 × I N ), SD HET 2 is the variance of heterogeneity (HET) random effects and I N is the identity matrix.
The models were compared using the Akaike information criterion (AIC) (Akaike 1974) . To test the final model fit, Pearson residuals (the raw value divided by the square root of the variance function) were calculated for each observation. Since Pearson residuals are approximately normally distributed, Pearson residuals exceeding an absolute value of 2 (95% CI in normal distribution) may indicate a lack of fit. The functions Proc Genmod and Glimmix of the SAS program version 9.1 and MASS and epitools library of the r package version 2.9 were used to develop the models. The process for selecting the final model is summarized in Fig. 2 .
RESULTS
Survey results: comparing inter-colonial marine densities
720 slender-billed gulls were recorded during the surveys: 0 in April and May, 75 in June, 278 in July and 367 in August (Fig. 3 & Table 1 ). During April and May, slender-billed gulls were not detected at sea in any part of the study area. In June, the gulls were distributed mainly in the frontal delta area of the northern study area (Table 1 ). In July and August, the density of the gulls in creased in the northern study area (Table 1 &  Fig. 4 gulls at sea in the southern Ebro Delta was minimal, despite larger numbers of breeding pairs in the colony. Slender-billed gulls were not detected off the northern Castellón coast.
Modeling the gulls' marine distribution
The number of slender-billed gulls was only high enough for distribution modeling on the northern Ebro Delta coast in July and August (Table 1) ; dis tribution modeling was not possible in the southern part of the study area, where the gulls were scarce. The variables that were used in the model were the distance to the colony and its interaction with month, distance to the river mouth, SST median and gradient and their interaction with month, and tern density. The first approach, the Poisson model, showed a high overdispersion value (2.30), so we explo red alternative models with the same explanatory variables. The zero inflated Poisson model fit the data better than the regular Poisson model (AIC = 1285 vs 1316, respectively). However, the negative binomial distribution re duced the value of AIC to 429.1. The zero inflated negative binomial model showed similar performance to the simple negative binomial model (AIC = 431.0). The Poisson non-spatial and spatial models did not perform as well as the other models, with AIC values of 1453 and 1401, respectively. Finally, the negative binomial distribution was selec ted as the most suitable for our data. This model ex plai ned 56% of the deviance and re duced the over dispersion to 0.99. In the negative binomial model, only 8 of the 236 grids (118 in each survey) showed standardized Pearson residual values > 2, suggesting a good model fit. The model comparison is summarized in Table 2 . In the negative binomial model (Table 3 ) the density of slender-billed gulls was negatively associated with distance to the colony. The SST median was positively correlated with gull density in July, but was not significantly correlated in August. The density of slender-billed gulls was positively associated with tern density in both months. The overall number of slender-billed gulls and the number of terns (see Fig. 3 ) was also positively correlated among surveys (Spearman ρ = 0.975, p = 0.005).
DISCUSSION
Slender-billed gull marine presence
The slender-billed gull, a species that mainly forages on saltpans and brackish lagoons inshore (Dementev & Gladkov 1969 , Fasola et al. 1989 , Oro 2002 extensively uses open marine waters off the Ebro Delta. Although gull colonies are found in both the south and the north of the delta, the presence of gulls at sea is restricted to the northern part during July and August. The southern colony is located on a saltpan with abundant typical foraging habitat, so the gulls can access their common food resources inshore. The northern colony was established in 2001 and has persisted until now, though there are no saltpans, likely because the high availability of fish due to the particular oceanographic conditions in this area allowed foraging at sea.
The selected model (the negative binomial distribution) highlights that many slender-billed gulls were found near the colony of El Fangar (Fig. 4) , although in late July and August, breeding activity -and its associated constraints -expired. High gull abundance at El Fangar Bay was probably due to the adequate habitat found there.
Our results suggest a positive correlation between the density of slender-billed gulls and median SST in July, but not in August, or with other oceano graphic variables (SST gradient or chl a median and gradient). In July, the SST can be interpreted as a proxy for the presence of river runoff, since then the river runoff is warmer than the sea, suggesting that slender-billed gulls are attracted to the general area of the river plume, which enters the sea over a wide area.
Fishing boats were scarce when slender-billed gulls were observed out at sea. This suggests little utilization of discards by the gulls, and agrees with previous reports (Oro & Ruiz 1997) , but is in contrast with other seabird species in the area (Arcos 2001 , Cama et al. 2012 ).
Slender-billed gulls forage preferentially with terns (mainly common terns Sterna hirundo). Kleptoparasitism by slender-billed gulls has been observed ), but it is not clear if this factor alone drives the marine presence of slenderbilled gulls. As a consequence, it is likely that both species feed on the same, or closely related, prey. The gulls can use tern flocks to locate the clupeiform (mainly anchovy Engraulis encrasicolus and sardine Sardina pilchardus) shoals on which terns forage (Hernández-Matías & González-Solís 2004) . Unlike sardines, anchovies spawn during the spring, and their eggs and larvae are most abundant in the study area during summer (Olivar et al. 2001 ). In addition, anchovies can survive in habitats of variable salinity ) such as our study area. The timing of this resource coincides with the observed increase in seabird numbers at sea and the last stages of the breeding season, when chick feeding needs are higher and fledglings start fishing on their own (Dementev & Gladkov 1969 , Cramp & Simmons 2004 . Feeding on anchovy schools by slender-billed gulls was also reported in a coastal lagoon system in the Black Sea (Dementev & Gladkov 1969) . The significant differences between the northern and southern densities of slender-billed gulls at sea can be partially explained by inshore habitat differences. Unlike the southern colony, the northern colony is located in an area with a small amount of typical foraging habitat. As a consequence, food may be limited, and gulls may be forced to find alternative food resources. In summer, river runoff affects the northern part of the delta to a greater extent than the southern one , Mösso et al. 2003 . In addition, the southward Liguro-Provençal-Catalán current supplies the northern coast with nutrients by the penetration of slope water into the sea shelf when the shelf widens (Salat et al. 2002) . This general oceanographic scenario results in a more coastal distribution of the anchovy off the northern delta (García & Palomera 1996 , Olivar et al. 2001 . Further trophic and comparative inter-colonial tracking studies would help to clarify the relationships between gulls and their prey.
Methodological considerations
We compared several approaches to model the density distribution of slender-billed gulls at sea, to select the most suitable method to explore the influence of different variables on gull density. The negative binomial distribution was the most suitable one for our data, as suggested by AIC compa rison between models. Modelling marine organisms faces the challenge of dealing with distributions with many absence areas (zero presence). Our comparative approach suggests that screening several methodological approaches is preferable to a single-method approach in order to properly model the distribution of marine organisms. It will be relevant to test the statistical modeling methods used in our study on other species, to assess whether negative binomial distributions perform consistently better.
CONCLUSIONS
This study exemplifies the use of different tools for modeling density distributions characterized by a high ratio of empty grids and a high deviance in density with outlier values. Many marine organisms are distributed in this patchy pattern, including many sea birds and their prey (Weimerskirch 2007 , Fauchald 2009 ), billfishes (Ortiz & Arocha 2004) , or benthic macroinvertebrates (Gray 2005 , Vincenzi et al. 2006 .
The slender-billed gull forages extensively at sea, showing a heretofore unnoticed foraging plasticity that is similar to that in other gull species (Oro 1996 , Stenhouse & Montevecchi 1999 , Hüppop & Wurm 2000 . However, sea foraging occurs only under very good foraging conditions at sea, which are provided by temporary resources. Slender-billed gulls were not detected in the study area in previous studies (Oro & Ruiz 1997 , Arcos 2001 , suggesting that foraging behavior has recently diversified. This was likely influenced by the colonization of an area lacking favorable habitats inshore. It is unclear if this gull is able to perform the same behavior in other areas of the Mediterranean, although early reports stated that it is found sporadically at sea (Meinertzhagen 1954) . The population growth of slenderbilled gulls detected in the western Mediterranean during the last 2 decades (Oro & Tavecchia 2008) may be related to the previously unreported utilization of alternative foraging areas at sea. Further confirmation of this behavior in other areas is needed. The foraging of slenderbilled gull at sea is relevant for management decisions on the conservation of this species, which has an unfavorable conservation status in Europe: current policies focus on the management of inshore habitats and do not consider open waters or interactions with fish stocks. These factors will need to be taken into account in the future. 
